Introduction
Cellular aging is a complex process controlled by a combination of cell-intrinsic and environmental conditions. Young and old cells appear to be capable of regulating aging in a nonautonomous manner, with young cells having the capacity to promote tissue regeneration and old cells inducing aging-associated cellular and tissue dysfunction. These effects are not limited to the immediate microenvironment, as experimental models demonstrate that young and old cells exert both local and systemic influences when placed into age-asynchronous environments.
Initial insights into the physiological consequences of combining cells of different ages were predominantly investigated in experimental heterochronic parabiosis models, in which the circulatory systems of animals of different ages are joined. Interestingly, reciprocal effects occur, with both young and old parabiont partner animals being affected by the circulatory connection. While the regenerative capacity of muscle tissue in the hetero chronic old animal improved following connection to a young partner animal, reciprocal effects were observed in young parabionts, who exhibited compromised rates of muscle progenitor divisions subsequent to joining with old partner animals (1, 2) . Other tissue types may also be subject to such changes, as neurogenesis (3), hepatic regeneration, bile acid production (4), vascular calcification and remodeling (5, 6) , and hematopoietic system structure (7) have all been shown to be altered in heterochronic models.
Several hypotheses as to how young and old cells may alter their environments to promote these effects have been proposed. In particular, studies have attempted to dissect the relative contributions of secreted factors versus cells in contributing to these phenomena. Cell signaling pathways that have been implicated in the regulation of age-related phenotypes may be modulated by soluble factors that interact with pathway receptors. Factors alone, however, may not be the sole mechanism by which aging-related phenotypes are transferred. Notably, adult stem cells transplanted into recipients are capable of differentiating into multiple tissue types and may contribute to recipient organ and tissue function (8) . However, it is unclear whether these cells impact recipient organ function predominantly by acting as a local source of secreted soluble factors, or in fact by integrating into and contributing to target organ function.
Heterochronic parabiosis studies (and subsequently more refined studies) have opened a new vein of aging research, and one with therapeutic potential. An obvious potential therapeutic direction involves direct transfusion of blood or plasma alone, which may be sufficient to transfer factors that confer rejuvenation or aging (9, 10 ). An alternative approach involves either identifying rejuvenation factors in young blood and supplying them directly, or identifying aging factors and selectively removing them. Application of therapeutics that target senescent cells may also be beneficial, as these cells may be involved in the production and secretion of many of these aging and often inflammatory factors.
In science, the new often causes rethinking of the old. While longevity therapeutics have been developed based on the findings of heterochronic parabiosis and related studies, it is also useful to think about how these new insights into aging relate to a large collective of observations from research in transplant biology, a long and well-established therapeutic field that has positively impacted individuals with a wide range of diseases. It has been repeatedly demonstrated that the age of the transplant donor affects outcome, with grafts from older individuals showing inferior outcomes thought to be mainly related to an inferior quality.
Donor age and recipient age are factors that influence transplantation outcomes. Aside from age-associated differences in intrinsic graft function and alloimmune responses, the ability of young and old cells to exert either rejuvenating or aging effects extrinsically may also apply to the transplantation of hematopoietic stem cells or solid organ transplants. While the potential for rejuvenation mediated by the transfer of youthful cells is currently being explored for therapeutic applications, aspects that relate to accelerating aging are no less clinically significant. Those effects may be particularly relevant in transplantation with an age discrepancy between donor and recipient. Here, we review recent advances in understanding the mechanisms by which young and old cells modify their environments to promote rejuvenation-or aging-associated phenotypes. We discuss their relevance to clinical transplantation and highlight potential opportunities for therapeutic intervention.
Mixing old and young: enhancing rejuvenation and accelerating aging (2, 16) , with enhanced signaling accelerating development of aging phenotypes. Recently, a definitive role for Wnt regulators in mediating the transmission of age-associated phenotypes has also been demonstrated with the identification of complement C1q as a candidate age-promoting systemic factor. Complement C1q, a systemic factor that accumulates in multiple tissues with aging, has been shown to act as an agonist of canonical Wnt signaling by binding Frizzled receptors. Notably, increased circulating C1q levels were associated with decreased skeletal muscle regeneration and increased fibrosis in animal models (12) .
Modulators of TGF-β signaling may mediate additional effects. Growth differentiation factor 11 (GDF11), an activator of TGF-β signaling, has been identified as another candidate promoting rejuvenation. Initially identified in a proteomic screen of factors that were more prevalent in sera of young mice relative to those of old mice (13) , GDF11 was shown to reduce cardiac hypertrophy and age-associated defects in muscle regeneration (13, 17) . Moreover, GDF11 promoted neurogenesis and vascular remodeling (6), with effects apparently mediated via the TGF-β pathway. However, subsequent studies indicated that GDF11 levels increase with age, promoting aging-related phenotypes (18) . Those findings contradicted the results of earlier studies, which have since been attributed to off-target effects on myostatin (GDF8), another member of the TGF-β signaling pathway that is closely related to GDF11 (19) . Activin A, which is also closely related to myostatin and GDF11, can be secreted by senescent cells and can bind to the same receptor (20) . Activin A increases in adipose tissue with aging, causing stem and progenitor cell dysfunction and contributing to age-related insulin resistance. Further work remains to determine the precise role for GDF11, activin A, or myostatin in mediating cellular rejuvenating effects. Nevertheless, these results support the involvement of circulating factors that modulate TGF-β signaling to affect aging or rejuvenation.
Several other signaling pathways, including Notch and C/EBPα, have also been implicated in the regulation of rejuvenation and aging in heterochronic parabiosis experiments, though To date, transplantation studies have largely focused on how the recipient's environment modulates the graft (11) . However, studies thus far have largely overlooked the graft's effects on the recipient environment. At least in theory, in settings where young and old tissues cohabitate, donor cells and recipient environment may have bidirectional effects leading to either rejuvenation or accelerated aging. Here, we juxtapose aging parabiosis studies with transplant research and speculate about the extent to which pathways identified from parabiosis studies influence organ, tissue, and cell transplantation. We suggest studies to refine the efficacy of transplant biology when old or young organs are used and discuss specific mechanisms and pathways of relevance. There is a strong possibility that insights from aging research may inform and accelerate our understanding of transplant biology. Similarly, insights from a wealth of transplant studies may modify thinking in the field of aging biology.
Mechanisms underlying transfer of aging or rejuvenation
Factor-mediated contributions. Candidate mediators of aging properties include soluble factors, cells, and cellular components ( Figure 1) . A key role for circulating soluble factors or cellular components is strongly supported by the demonstration of neurological rejuvenation in old mice following the administration of blood or plasma alone (9, 10) . The identities of rejuvenating factors and factors that induce age-related changes remain a matter of debate. It is also unknown whether the same factors affect different tissues identically.
Multiple candidate blood-borne factors have been identified as mediators of rejuvenating or accelerated aging with phenotypic changes assessed by various proteomic approaches, including antibody arrays and mass spectrometry-based technologies (3, 10, (12) (13) (14) . In addition to soluble signaling factors affecting Wnt and TGF-β signaling cascades, which have previously been implicated in the regulation of aging, a wide range of additional components, including matrix metalloproteases, cytokines, growth factors, and extracellular vesicles, appear to be important constituents of secretory profiles. Indeed, transcriptional profiling indicates that secreted factors constitute a large proportion of genes upregulat- These observations favor the local production of factors by transplanted stem cells in promoting either rejuvenation or aging. Following homing of donor cells in response to chemokines produced by damaged tissues, the localized release of such factors may result in augmented consequences compared with a systemic administration. Additional benefits may also derive from direct cell-cell signaling mechanisms or, alternatively, stem cell differentiation and contribution to recipient tissues.
Few experiments have examined the fate of senescent cells in transplants from older donors to younger recipients to determine whether donor-derived cells migrate to distant tissues. One may speculate that the effects of senescent cells on surrounding tissues and the systemic environment appear to be predominantly mediated by the release of factors, though direct cell-cell signaling may increase local influences (21) .
Additional mechanisms. Aside from factors and cells, further means of communication may occur through extracellular vesicles (EVs). These cellular byproducts, containing mRNAs, miRNAs, proteins, and lipid components, contribute to cell-cell communication in both a local and a distant fashion, with functional consequences (reviewed in refs. 36, 37) . While EVs are secreted from numerous cell types, including stem cells and senescent cells, the number of EVs secreted increases dramatically with senescence. The content of EVs also depends on source cells, as various factors, including galectin-3, and certain miRNAs that promote stem cell function are present in higher amounts in EVs from young cells than in those from senescent cells (38) . EVs from senescent cells have been proposed to be capable of promoting several agingassociated processes, including increased mitogenic signaling, proliferation, inflammatory gene expression, and telomere dysregulation in neighboring cells. Accordingly, in vitro experiments demonstrated that EV depletion from tumor cell serum reduced its protumorigenic effects (39) .
Clinical implications
The ability of youthful and senescent cells to regulate the aging of surrounding cells and tissues has potential significance for solid organ and bone marrow transplantation, clinical scenarios in which donors and recipients are not necessarily of similar age. In age-mismatched transplants, both the allograft and the recipient environment have the capacity to influence each other, suggesting a possible two-way communication with implications not only for graft survival and overall recipient outcome, but potentially also for systemic aging or rejuvenation of the recipient.
Effects of donor age. Few studies have examined the association of donor age with aging-associated phenotypes, aside from those related to graft function and overall survival. In HSC transplantation, older HSCs have compromised replicative capacity, with accelerated telomere shortening, increased ROS, and DNA damage accumulation, likely exacerbated by the replicative stress incurred by the transplantation process (40) (41) (42) . Old HSCs also exhibit reduced rates of homing and engraftment with impaired differentiation capacities toward the lymphoid lineage (43) . Clinically, those effects may lead to higher rates of graft-versus-host disease and disease relapse, which impact recipient survival and are associated with older donor age, as observed in both conventional and reduced-intensity protocols for HSC transplantation (44) (45) (46) (47) . the individual candidate circulating factors modulating these pathways remain unidentified. While the inhibition of Notch signaling promoted skeletal muscle regeneration, C/EBPα inhibition promoted hepatic regeneration (1) .
One characteristic of senescent cells is the secretion of a large number of factors. Regardless of the mechanism that induces senescence, proinflammatory cytokines (21), particularly IL-6 and IL-8, are components of the senescence-associated secretory phenotype (SASP) (22) , supporting the involvement of immune response pathways in the cellular response to SASP exposure. In studies of circulating factors that promote the development of aging phenotypes, both CCL11, a plasma chemokine for neutrophils, and β 2 -microglobulin, a component of the MHC class I complex, have been implicated as candidates for inhibition of neurogenesis and cognitive function in old mice (3, 14) .
Coculture experiments of senescent cells demonstrate that the consequences of SASP exposure may depend, at least in part, on the duration of exposure to SASP factors (23) . Acute exposure of neighboring cells to SASP factors appears to provoke cellular regeneration and repair responses, whereas chronic exposure may induce features of senescence that promote inflammation or tumorigenesis, indicating that the consequences of SASP factors are context-dependent, rather than promoting either rejuvenating or aging. As these data suggest that suppression of inflammation supports the prevention of aging, it is interesting to note that a beneficial role for immune responses also exists in alleviating aging phenotypes. Therefore, the consequences of altering these pathways are likely to be complex, with beneficial and detrimental consequences both associated with engagement of pathways that are context-dependent.
Cell-mediated contributions. Although soluble factors may play a dominant role in mediating rejuvenating and aging phenotypes, cellular contributions cannot be excluded. Results of lineage tracing experiments following transplanted tissues indicate the potential for transferred adult stem cells to incorporate into recipient organs. Following hematopoietic stem cell (HSC) transplants, donor cells have been identified in multiple organs, including muscle (24), liver (25, 26) , myocardium (27, 28) , and endothelium (29) . As HSCs can be induced to transdifferentiate in vitro into multiple tissue types (30), these findings have been interpreted as evidence that transplanted adult stem cells may integrate into and contribute functionally to recipient organ function. Given these observations, it is likely that recipient cells also incorporate into the graft and may have functional consequences; however, this has not been well characterized thus far and remains to be determined.
Nevertheless, integration into adult tissues remains difficult to prove, particularly in a clinical setting. Some studies have demonstrated donor HSC integration into liver and skin, using the Y chromosome as a marker for donor cell tracing in sexmismatched transplants from male donors to female recipients (31) . As the frequency of HSC integration appears to be relatively low, transdifferentiation may be a relatively rare occurrence (32, 33) . Furthermore, the persistence of these cells may be limited, as recipient-derived cells were more frequently identified in early compared with later transplant biopsies (34) . Notably, in models of stem cell transplantation for myocardial disease, the majority of donor cells underwent apoptosis within several days (35 tissue types, with youthful or aged environments determining the regeneration capacity of transplanted tissue in animal models (11, 55) . Notably, the regenerative capacity of skeletal muscle grafts in mouse models was found to correspond to the age of recipients rather than the age of the donor. Muscle grafts derived from old donors regained the capacity to regenerate when transplanted into young recipients; however, when grafts from young donors were transplanted into aged recipients, regenerative capacity appeared compromised (11) . Regenerative properties of mammary gland tissue transplants were also found to depend on recipient age, as both young-and old-donor muscle grafts exhibited similar growth rates when transplanted into young recipients with minimal growth when placed into old recipients, though contributions of hormonal differences and replicative senescence to these results could not be excluded in this study (55) . Older recipient age also appears to increase disease recurrence subsequent to HSC transplantation in leukemia models, likely as a consequence of altered signaling in the HSC niche that occurs with aging (56, 57) . Stromal cells in the niche have been shown to undergo changes in secretory profile with aging, including decreases in osteopontin secretion (58) , that inhibit HSC function. Integrity of the vasculature that feeds the niche is also likely critical for maintenance of HSC function, as Notch-dependent vessel formation appears to be critical for HSC function (59) , and aged HSCs can be restored by endothelial transplantation (60) . Additional features of the niche microenvironment, including sympathetic nerve fiber function (61) , are likely also important for supporting HSC function and decline with age.
Senescence can also be induced in recipients during the requisite preconditioning process, and may not solely be a result of aging. Chemotherapy and radiotherapy, which are often used during the preconditioning process for HSC transplant recipients, induce senescence in HSCs and cause long-term inhibition of HSC self-renewal and HSC reserves, thus adding additional considerations to the assessment of effects of recipient age (62) .
In other models, it has been noted that face allografts exhibit structural changes that resemble accelerated aging, although these changes may very well be related to surgical aspects of transplantation and immunosuppression (63) . Similarly, the accelerated senescence observed in adult organs transferred to pediatric recipients may also reflect consequences of immunosuppression and replicative stress (64) . Despite the frequency of differing donor and recipient ages in solid organ transplantation, there has been little research on the effects of recipient age on donor organ function.
Opportunities for intervention
The potential of young or old cells to promote rejuvenation or inhibit senescence indicates that there may be interventional approaches that recapitulate these age-associated influences. Indeed, clinical trials are currently under way assessing the consequences of transfusing young serum, and of stem cell therapies (reviewed in ref. 65) . Although early results examining effects of infusing stem cells indicate that such therapies may reduce levels of aging-associated inflammatory biomarkers and increase select measures of physical performance (66) , additional studies are required to determine their specific and long-term consequences.
In addition to these intrinsic alterations in donor HSC function that result from advanced donor age, there may be additional sequelae of older donor age affecting physiological processes in the recipient. Studies in animal models demonstrated that recipients of young-donor bone marrow had higher levels of bone mineral density and markers of new bone formation than those who received old-donor bone marrow. Overall lifespan was also increased in comparison with control animals or recipients of old-donor bone marrow (48) . Although molecular mechanisms involved in mediating these effects on lifespan have not been examined specifically, prior studies have established a role for mesenchymal stem cells in promoting rejuvenating effects, including hippocampal neurogenesis, alleviation of autoimmune disease, and improved myocardial function (49, 50) . These cells appear to contribute to rejuvenation predominantly by secreting chemokines, but may also contribute via cell fusion and differentiation into various lineages.
Although the ability of solid organ allografts to promote aging or rejuvenation-associated phenotypes in recipients has not been specifically examined, experimental models support the capacity of transplanted cells to induce aging-associated features in recipients. Injection of senescent cells in the knees of young mice causes premature development of osteoarthritis-like symptoms (51) . Notably, transplanting senescent (versus nonsenescent) adipose mesenchymal cells into the peritoneal cavity of young mice, such that only 1 out of 10,000 cells in the recipient animal is a transplanted senescent cell, is sufficient to cause muscle weakness and other frailty-like disabilities that persist for at least 6 months (52). Furthermore, middle-aged mice transplanted with senescent cells have a decreased lifespan compared with age-matched mice transplanted with nonsenescent cells, with comparable causes of death in both groups, suggesting an acceleration of age-related pathologies rather than the promotion of any single disease. While labeled transplanted senescent cells remained within the abdominal cavity, senescent cells arising from the recipients' own cells developed in distant sites. Those observations demonstrate that spread of senescence can occur from localized populations of transplanted senescent cells, with implications for transplanted organs that carry senescent cells with them.
It is somewhat difficult to determine whether these observations in experimental models have relevance in the clinical setting for solid organ transplantation, as clinical studies comparing outcomes of transplants from young donors and old donors have thus far largely focused on graft survival and associated characteristics. Some studies suggest that outcomes of kidney transplants from young donors and old donors are largely comparable, provided that they are corrected for intrinsic differences in graft function as assessed by pretransplant histological analysis of the donor kidney, and that allocation methods consider matching donor and recipient age to some extent (53, 54) . However, the outcomes assessed in these analyses aside from overall survival and graft survival are creatinine clearance and urine protein excretion, characteristics that predominantly reflect function of the graft rather than overall recipient physiological status. Analyses of lung, heart, and liver transplant outcomes based on donor age have also similarly focused largely on graft function.
Effects of recipient age. The effect of recipient age on graft function following transplantation has been noted in multiple cell and jci.org Volume 129 Number 1 January 2019
need to be performed. In the future, it may also be possible for senomorphic and senolytic drugs to selectively promote the beneficial aspects of the SASP in enhancing tissue repair, while still mitigating negative consequences, such as promoting inflammation and cancer (85) . Aside from interventions that directly target senescent cells, other compounds with alternative mechanisms appear to also have senomorphic properties. Inhibitors of the mammalian target of rapamycin (mTOR) pathway extend both lifespan and healthspan in a variety of animal models (86) . Rapamycin, the canonical mTOR inhibitor, has been shown to reduce inflammation with aging, preserve adult stem cell function, and enhance cellular stress resistance. Induction of senescence appears to involve activation of the TOR pathway, though the mechanism by which mTOR inhibition slows aging processes remains a matter of debate.
In addition to these strategies, an improved understanding of the molecular pathways that regulate aging and rejuvenating phenotypes may lead to other therapeutic opportunities. This aspect of aging research remains in its infancy, and the utility of rejuvenating strategies needs to be determined.
Applications in transplantation. The recognition that donor age and recipient age affect organ transplantation outcomes has led to the initiation of programs attempting to allocate organs in a manner that matches donor age and recipient age. This rationale is predominantly based on superior functions of younger compared with older organs. In addition to the effects on alloimmune responses, age-matched transplants may also reduce some of the potential adverse consequences of introducing senescent cells when transplanting old-donor organs into young recipients.
Rapamycin is used clinically in transplantation to prevent rejection, and it is interesting to speculate whether individuals exposed to long-term administration of rapamycin may have altered aging properties. While the immunosuppressive effects of rapamycin prevent graft rejection, they also decrease senescent cell accumulation that occurs as a result of immune surveillance. However, age-related effects of rapamycin may be confounded by compromised health status of transplant recipients and the presence of other immunosuppressive drugs. Known adverse effects of rapamycin also include myelosuppression (87) , which can be significant particularly in the context of HSC transplantation.
Additional benefits may be obtained from treating donors, recipients, or allografts with therapies that promote rejuvenation or target senescent cells. Transplanting senescent cells into young mice may shorten survival while inducing age-related phenotypes and pathologies (51, 52) . These effects may also be exacerbated by vascular shear stress, induced upon the connection of donor organ vessels to recipient vasculature. As shown in an animal model of arteriovenous fistulas, shear stress promotes premature senescence in the vein after fistula creation (88) . Therefore, organ or cell transplantation from old donors harboring senescent cells may induce age-associated dysfunctions in younger recipients. However, administering senolytics at the time of transplanting senescent Experimental studies support the concept that selective depletion of senescent cells can be beneficial. At the cellular level, senescent cell depletion leads to rejuvenation of stem cells, promoting proliferation in both HSC and hair stem cell models (67, 68) . These changes also have physiological consequences. Using a genetic p16(INK-ATTAC) model targeting p16
Ink4a
-positive cells (including many senescent cells) for apoptosis, age-associated conditions including frailty, metabolic dysfunction, age-related osteoporosis, or pulmonary fibrosis can be delayed or alleviated (52, (69) (70) (71) (72) (73) (74) . Predominant interventional strategies include a selective induction of apoptosis of senescent cells by administration of senolytic agents (75) (76) (77) (78) (79) (80) (81) , in addition to targeting of the SASP machinery in senescent cells with senomorphic drugs (20, (78) (79) (80) . Moreover, senolytic drugs have shown efficacy in alleviating frailty in progeroid and naturally aging mice; increasing the remaining lifespan while alleviating radiation-induced dysfunction; alleviating tau-induced neurocognitive disease, bleomycin-induced pulmonary fibrosis, hepatic steatosis, liver dysfunction and fibrosis, age-and high-fat diet-induced vascular hyporeactivity and calcification; arresting and partially reversing age-related osteoporosis; and enhancing cardiac ejection fraction in old mice (52, 72-75, 78-80, 82-84) . Since it can take up to 6 weeks for new senescent cells to form, senescent cell-depleting therapies require infrequent administration relative to secretome-targeting compounds that must be given repeatedly (78, 79) . Several senolytic compounds are currently being investigated for their clinical application. As promising as senolytics appear to be in preclinical models, some senolytic agents, such as navitoclax, can have serious off-target effects, although others have fewer known adverse effects. Most (or perhaps all) senolytics exhibit differing specificities depending on the cell type from which the senescent cells originated. Thus, for a clinical application, chemical optimization, testing of which senolytic agent to use for which indication, testing of clinical side effects and safety in humans, and optimization of dosing regimens mesenchymal cells into the abdominal cavity of mice prevented frailty and improved survival. Even after frailty has already developed, senolytics are still effective, suggesting that it is possible to overcome some of the problems that may accelerate aging-related processes when organs are transplanted from old donors. For solid organ transplantation, several windows of therapeutic targeting exist, including treatment of the donor, treatment of the recipient, and treatment of the graft itself (Figure 2) . Treatment of the donor with senolytic agents prior to donation, for example, is one potential means of depleting senescent cells within the allograft. This concept would likely have more relevance in the setting of living-donor transplantation, as deceased-donor transplantation situations do not permit the advanced planning required for administration of such compounds. At this time, adverse effects of certain senolytic agents, such as cytopenias caused by navitoclax or, possibly, delayed wound healing (77) , limit the application of this strategy, as minimum harm to the donor is required.
Transplant recipients may also receive senolytic or senomorphic agents following transplantation, though targeted effects specifically on the graft cannot be achieved with current methods.
Treatment of the allograft itself, following organ procurement and prior to transplantation into the recipient, may provide another opportunity for intervention. Although current protocols focus on minimizing the duration of cold ischemia to reduce its adverse effects on allograft function, brief treatments with senolytic agents (potentially by adding them to organ preservation solutions) are likely feasible and provide a unique opportunity for targeted delivery of these compounds. In addition, emerging preservation concepts are allowing for prolonged ischemic times, permitting the administration of such agents.
Indeed, the emerging technology of ex vivo organ perfusion, currently under development as a means of increasing organ usage in transplantation, may provide additional flexibility. Such systems will not only allow assessment of organ function prior to transplantation, but also provide a platform for therapeutic administration (89) . In support of this concept, a brief exposure of freshly procured clinical adipose tissue to senolytics has been shown to be sufficient to reduce senescent cell abundance by apoptosis, while leaving nonsenescent cells intact (52) . In addition to small molecules, nucleic acid-and viral vector-based therapeutics, immunization, and cellular therapies are being developed, potentially allowing for more specific targeting of senescent cells.
Conclusions
The ability of youthful and senescent cells to exert systemic rejuvenating or advanced aging has significant clinical implications. The identification of circulating factors and cells as potential mechanisms by which these cells exert their effects has been instrumental in developing potential therapeutic interventions that promote rejuvenation while minimizing effects of aging. Plasma and blood transfusions promoting rejuvenation, as well as senolytic and senomorphic drugs, are currently under investigation for clinical use. Further work that identifies additional mediators of rejuvenation and aging will likely not only clarify how these processes are regulated, but also highlight new opportunities for intervention. As the elderly are increasingly becoming transplant donors and recipients, these insights should help clarify the appropriate applications for therapeutics that promote rejuvenation and target senescent cells.
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